Several recent studies have provided evidence that the increased excretion of sodium associated with expansion of the extracellular volume may result in part from factors other than an increase in the filtered load of sodium. In the dog receiving a mineralocorticoid, the infusion of isotonic saline may be accompanied by increased excretion of sodium without a spontaneous increase in the filtered load of sodium (1, 2) . During saline loading glomerular filtration rate (and filtered sodium) may be reduced experimentally without abolishing the saline-induced natriuresis (1, (3) (4) (5) (6) . Thus, a large body of evidence is consistent with the concept that expansion of the extracellular volume in the dog results in a net decrease in the tubular reabsorption of sodium, independent of changes in the tubular effects of aldosterone. In a recent study from this laboratory it was demonstrated that this decreased net tubular reabsorption of sodium that accompanies saline loading may be associated with a decrease in urinary osmolality that is not accounted for by changes in either antidiuretic hormone activity or solute excretion (6) . On the basis of this latter observation it was suggested that saline loading in the dog may result in an increased renal medullary blood flow which decreases medullary interstitial hypertonicity, and that decreased medullary interstitial hypertonicity may decrease net sodium reabsorption secondarily by diminishing the passive reabsorption of water from the descend-* Submitted for publication August 17, 1964 ; accepted February 18, 1965. Aided in part by grants AM-5401-03 from the National Institutes of Health, and NsG595 from the National Aeronautics and Space Administration.
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Harrison Avenue, Boston, Mass. 02118. ing limb of Henle's loop, resulting in the delivery of a larger volume of fluid of lower sodium concentration to the transport sites of the ascending limb of the loop. The present studies were undertaken to determine if a relationship could be demonstrated between changes in the tubular reabsorption of sodium and changes in renal blood flow. It was observed that the increased excretion of sodium during isotonic expansion of the extracellular volume was uniformly associated with increased renal blood flow, independent of spontaneous changes in glomerular filtration rate. Furthermore, changes in the net tubular reabsorption of sodium, which were demonstrated both spontaneously during the course of saline loading and during controlled unilateral reductions of renal blood flow, were associated with inverse changes in that portion of renal plasma flow from which p-aminohippurate (PAH) is not extracted.
Methods
Twenty-eight mongrel dogs of either sex, ranging in weight from 13.2 to 21.3 kg, were deprived of food and water for 20 hours before experiments. Approximately 4 hours before experiments the animals received by intramuscular injection 5 U of Pitressin Tannate in oil and 5 mg of DOCA (,desoxycorticosterone acetate) in oil. Under light pentob4rbital anesthesia the right ureter was exposed through a flank incision and cannulated with polyethylene tubing. The left kidney and ureter were exposed through a subcostal incison, and the left ureter was simlarly cannulated. With minimal dissection the left spermatic or ovarian vein was exposed at its entry into the renal vein. An 18-gauge needle containing a plastic catheter (2 mm o,d.) was inserted into the ovarian or spermatic vein and dltected toward the kidney. The plastic catheter was then inserted 2 to 3 cm along the renal vein in the direction of the kidney, the needle was removed, and the catheter was tied tightly in place at its entry into the spermatic or ovarian vein. The position of the catheter in the direction of the kidney was always wounds, 60 to 90 minutes was allowed before beginning experimental measurements. A plastic catheter inserted into the lower aorta through a femoral artery was used to collect arterial blood samples and to measure arterial pressure.
Eighty to 100 minutes before experimental measurements, an infusion of isotonic saline was begun at a fixed rate between 0.25 and 0.30 ml per minute. (In eight experiments with aortic constriction this maintenance infusion was delivered at 1.5 ml per minute.) This infusion delivered PAH at 2.5 to 3.5 mg per minute, creatinine or inulin at approximately 12 or 10 mg per minute respectively, vasopressin at 40 to 60 mU per kg per hour, and desoxycorticosterone at 25 ,tg per minute. The solution was acidified to pH 5.0 to 5.5 with acetic acid. In five experiments the maintenance infusion contained either Diodrast-I"3' or Hippuran-I'3'1 in tracer amounts to deliver 0.25 to 0.50 ,lc per minute. In two experiments the maintenance solution contained Diodrast-I.3. but no PAH.
At the mid-point of each urine collection, arterial and renal venous blood samples were collected simultaneously into heparinzed syringes and transferred immediately to ice-packed tubes. The blood samples were centrifuged immediately at 4 to 5°C for exactly 5 minutes. The total elapsed time from beginning blood sampling to the separation of plasma was uniform in all experiments and did not exceed 10 minutes.
After three or four control collections each animal received a modified Ringer's solution (Na 145, K 3.5, Cl 128.5, HCO3 20 mEq per L; hereafter referred to as saline) at a rate of 50 ml per minute, until a total of 1,250 to 1,750 ml (80 to 120 ml per kg) was infused. This loading infusion was then continued at a rate approximately the same as the rate of urine flow. Three to five collections were made during the saline diuresis. Five of the experiments were concluded at this point. In seven experiments the infusion of saline was then discontinued, and when the rate of urine flow had decreased to approximately 1 ml per minute, three or four additional collections were made. In 16 experiments after collections during the maintained diuresis, the aorta was constricted between the renal arteries to reduce the flow of urine from the left kidney. In seven experiments the aortic constriction was performed in two stages. Urine flow was first reduced to 40 to 60%o of the diuretic rates (aortic pressure, 70 to 1 Abbott Laboratories, Oak Ridge, Tenn. 930 85 mm Hg). After collecting three to five periods, additional constriction was applied to reduce urine flow to rates 0.5 to 2.0 ml per minute greater than the presaline infusion control values (aortic pressure, 40 to 60 mm Hg). After collecting three to six periods the aortic constriction was released, and collections were continued. In nine experiments, only the more extensive aortic constriction was applied. In eight of the experiments employing aortic constriction the animals received 200 or 300 ml of isotonic saline 3 hours before beginning experimental collections. In these eight experiments the maintenance infusion (creatinine, PAH, and so forth in isotonic saline) was delivered at 1.5 ml per minute instead of 0.25 to 0.30 ml per minute.2 In 12 of these experiments arterial pressure was recorded from the aorta, below the renal arteries, with a Sanborn pressure transducer and model 964 recorder.
Clearance calculations were not made from transitional periods during saline loading, during the subsiding diuresis following saline loading, or immediately following constriction or release of the aorta. Creatinine was de-2 This preloading with a relatively small volume of saline and the higher rate of maintenance infusion did not impair the large hemodynamic and natriuretic responses to the experimental saline load. However, this procedure resulted in higher control rates of glomerular filtration rate (GFR) and clearance of PAH (CPAH) and somewhat smaller increases in these measurements during the saline load. termined by the Jaffe reaction as described by Kennedy, Hilton, and Berliner (7) , or as modified for the Technicon autoanalyzer (8) ; inulin by the method of Walser, Davidson, and Orloff (9); PAH by a modification of the method of Smith and his associates (10), or as modified for the Technicon autoanalyzer (8); sodium by internal standard flame photometry; and hematocrits by centrifugation in standard Wintrobe tubes. Diodrast-Im and Hippuran-I' radioactivty were measured in a well type scintillation counter. 8 The renal extraction ratios (E) of PAH, Diodrast, and Hippuran were calculated from the formula, E = (A-R) / A, where A is the arterial and R the renal venous concentrations of the extracted substance. Total renal plasma flow (RPF) was calculated as CPAH/EPAH, or (in experiments with extraction ratios less than .5) from the formula of Wolf (11) . RPF = [V (U-R)]/[A-R], where V = rate of urine flow and U = the urinary, R = the renal venous, and A = the arterial concentrations of the extracted substance. Total renal blood flow (RBF) was calculated from RPF and the hematocrit (Hct): RBF = RPF/(l -.95 Hct).
In the present calculations of E and RPF no corrections have been made for the estimated diffusion of the extracted substance from red blood cells (12) . With CPAH assumed to approximate renal cortical plasma flow, "noncortical plasma flow" (NCPF) was calculated as RPF -CPAH. 3 Nuclear-Chicago, Des Plaines, Ill. OF NATRIURESIS ACCOMPANYING SALINE LOADING. Consecutive collection periods from the left kidney are shown. The periods during rapid saline loading and immediately after discontinuing the infusion of saline are not included. Elapsed time is from the beginning of the first control collection. In this experiment GFR and filtered sodium continued to increase as sodium excretion diminished during the postloading period. PAH was not infused in this experiment. Changes in sodium excretion correlated closely with changes in RBF and EDIodrast.
The scale for filtered sodium is four times that for sodium excretion.
Results
The effects of saline loading on renal blood flow and extractions of PAH, Diodrast, and Hippuran. In a total of 28 experiments extraction ratios were measured and renal blood flow was calculated from collections before saline loading and during the diuresis accompanying a maintained saline load. These results are summarized in Table I and Figure 1 . The renal extraction of PAH, Diodrast, or Hippuran decreased in every experiment, with an average absolute fall of 15.1%o (range, 3.9 to 33.7%o ). In the 28 experiments, EPAH (or EDiodrast) before saline loading averaged 0.786 + .072 (SD) and during saline loading averaged 0.635 +.149. RBF increased from a mean of 261 + 76 ml per minute per kidney to a mean of 425 120 ml per minute per kidney. Even though minimal increases in RBF occurred in some experiments, EPAH was always decreased during saline loading (Figure 1 ). RPF increased by a mean of 153 ml per minute with an increase in noncortical plasma flow (see Methods) of 84 ml per minute. The excretion of sodium in these experiments increased from a control mean of 97 juEq per minute per (left) kidney (range, 6 to 238) to a mean of 1,075 /%Eq per minute per kidney (range, 313 to 2,412) during the maintained saline load (Table I) .
Relationship between sodium excretion and RBF, EPAH, and filtered sodium. In seven experiments measurements were made before, during, and after saline loading (Table II ). In all seven of these experiments GFR and filtered sodium increased during saline loading, as RBF increased Consecutive collections from left kidney are shown, except that the transition period during inital saline loading is not included. Sodium excretion increased strikingly during saline loading despite decreases in the filtered load of sodium. Accompanying this increased excretion of sodium was a rise in renal blood flow and a fall in the extraction of PAH. and EPAH decreased. However, after the infusion of saline had been discontinued and the diuresis allowed to subside, changes in GFR and filtered sodium were unpredictable. In five of the seven studies the decrease in filtered sodium was insufficient to account for the fall in excreted sodium following the saline load. In three studies GFR either remained maximal or continued to increase at.a time when the saline-induced natriuresis had largely subsided (first three experiments, Table  II ). However, in every study the increased RBF and decreased EpAH (accompanying the saline load) returned to or toward the preloading control values as the natriuresis subsided. These results are summarized in Table II , and consecutive collection periods from a representative experiment are shown in Figure 2 .
In five experiments GFR and filtered sodium were unchanged or decreased during saline load-ing, despite striking increases in the excretion of sodium (Table III) . In these experiments EPAH was reduced and RBF increased during saline loading, as in all other experiments. Also, in these five experiments CPAiI during saline loading was either not increased or increased less than the average increase for all experiments. Thus, in these five experiments no increase in filtered sodium accompanied the natriuretic response to saline loading, yet the usual decrease in EPAH and increase in RBF were present during saline load-_ 1
ing. Consecutive collection periods from one of these experiments are shown in Figure 3 .
Therefore, in the 12 studies summarized in 1   Tables II and III duced during saline loading by constriction of the aorta between the renal arteries. In each experiment EPAH (which was reduced during saline loading) was increased as total blood flow decreased (Figure 4 ). However, EPAH was usually not increased to the higher values present before saline loading, even when total renal blood flow was reduced to values equal to or less than the presaline loading control rates (second constriction, experiment 15, Table IV ). During mild aortic constriction the calculated noncortical fraction of re- Values are the means of three or more consecutive collections from the left kidney. Shown on the left are demonstrations of increased tubular reabsorption of sodium during mild aortic constriction during the maintained saline load. Sodium excretion decreased without an equivalent decrease in filtered sodium as noncortical plasma flow (see text) decreased. Changes on the left are from mean values during the saline load and before aortic constriction. Shown on the right are demonstrations of decreased tubular reabsorption during saline loading demonstrated by more marked aortic constriction. These changes in filtered and excreted sodium and noncortical plasma flow are from mean values before saline loading. In all but one experiment in which excreted sodium was increased in the presence of reduced filtered sodium, noncortical plasma flow was increased (see text).
nal plasma flow was reduced proportionately more than CPAH, but with increased aortic constriction EPAH did not continue to increase strikingly as RBF decreased. In 5 of these 16 experiments the relationships between filtered and excreted sodium necessary to demonstrate changes in tubular reabsorption were not achieved during aortic constriction. In the remaining 11 experiments changes in the net tubular reabsorption of sodium were demonstrated. The association between these changes in tubular reabsorption and changes in noncortical plasma flow is summarized in Figure 5 . Details of three representative experiments are given in Table IV .
In seven experiments mild aortic constriction (aortic pressure, 70 to 85 mm Hg) was employed during saline loading, and measurements of hemodynamics and sodium excretion were compared to those present during the stable natriuresis immediately preceding the reduction of blood flow. In six of these experiments the reduction in sodium excretion was not accompanied by an equivalent reduction in filtered sodium. Therefore, in these six studies increased net tubular reabsorption of sodium occurred in the presence of mild aortic constriction during saline loading. This increased reabsorption of sodium was associated with increased EPAH and decreased noncortical plasma flow (first constriction, experiment 13, Table IV ; left side of Figure 5 ). GFR, CPAH, and sodium excretion in the contralateral kidneys were unchanged during the periods of inter-renal aortic constriction.
In eight experiments additional aortic constriction (aortic pressure, 40 to 60 mm Hg) during saline loading reduced filtered sodium to rates clearly below the presaline loading control values at a time when excreted sodium was equal to or greater than the preloading values. Thus, in these eight experiments it was demonstrated that net tubular reabsorption of sodium was decreased below that present before saline loading. In all eight of these experiments (during increased aortic constriction) EPAH remained lower than the presaline loading control values, and noncortical plasma flow remained greater than control in all but one experiment. In this single experiment (last experiment, right side of Figure 5 ) sodium excretion was reduced to rates only slightly different from the preloading control, and although noncortical plasma flow did not remain increased, 936 RENAL HEMODYNAMICS DURING SALINE LOADING EPAH remained less than control (.773 compared to .814). These results are summarized in the right-hand portion of Figure 5 , and details of three experiments are given in Table IV (second constriction, experiments 13 and 14, and experiment 15).
Control observations. To establish that the changing extractions of PAH were not related to some unrecognized systematic error in the measurement of PAH, extraction ratios of PAH and Diodrast I131 or Hippuran I131 were measured simultaneously in five experiments. These results are summarized in Table V . Both the extraction and clearance of Hippuran 1131 were 5 to 12% less than simultaneous determinations of PAH. However, the changes in extraction and clearance during saline loading were parallel for the two substances. EDiodrast was 1 to 9%o greater than simultaneously measured EPAH, but parallel changes in the extraction of these two substances also occurred during saline loading.
Even though arterial concentrations of PAH in the present studies (0.5 to 2.5 mg per 100 ml) were well below expected Tm values, the possibility was considered that during saline loading the tubular transport maximum for PAH was approached or exceeded, thereby resulting in the observed decreased extraction ratios. This possibility was examined in three different ways: 1) TmPAH was determined before and during saline loading in two experiments under precisely the same conditions as in all other experiments. Before saline loading these values averaged 4.6 and 7.5 mg per minute (left kidney only), and during saline loading the respective values were 5.3 and 6.4 mg per minute. These values of TmpA are well above the tubular load of PAH (usually less than 1.5 mg per minute per kidney) employed in the present studies. 2) If the decreased extraction ratios during saline loading were due to an approach toward the transport maxima, then an increase in the tubular load of PAH during saline loading should result in a further decrease in EpAH. In two experiments the rate of infusion of PAH was changed approximately twofold, both before and after saline loading. EPAH decreased during saline loading, but at these low rates of infusion of PAH no relationship between tubular load and EPAH was observed, either before or during the saline load. 3) The measurement of isotopic tracer amounts of the transported sub- stance, in the absence of significant chemical concentrations, should eliminate the influence on the extraction ratio of even large changes in transport maxima. In two experiments the extraction of tracer amounts of Diodrast-I31 was measured without the simultaneous infusion of PAH (first experiment, Table II , and first two experiments, Figure 1 ). EDiodrastI was decreased during saline loading in exactly the same manner as was chemically measured PAH in all other experiments.
Another possibility considered was that during saline loading, increases in capillary and interstitial volume (and perhaps other unrecognized factors) may impose a diffusion barrier that limits the access of PAH to the cellular sites of transport. If the extraction of PAH (from renal cortical blood) is near 100%o before saline loading, but becomes limited by diffusion during saline loading, then a larger (more slowly diffusing) transported molecule should be affected to a greater extent than PAH. However, this was not the case in the two experiments in which the extractions of Diodrast (mol wt, 510) and PAH (mol wt, 194) were measured simultaneously. The ratio of EDiodrast/EpAH was not decreased during saline loading (Table V) . Furthermore, EPAH remained depressed during saline loading despite reductions of blood flow to values less than control (experiment 15, Table IV ). This latter 937 observation makes it unlikely that increased blood flow per se limits the extraction of PAH. Discussion The present studies provide further demonstrations of the dissociation that may occur spontaneously between the filtered load of sodium and the rate of sodium excretion during saline loading in the dog (1, 2) . In four of seven experiments the fall in sodium excretion after discontinuing the infusion of saline clearly exceeded the fall in filtered sodium. In five experiments of the series, no increase in GFR and filtered sodium occurred during saline loading, despite large increases in sodium excretion. Thus changes in the net tubular reabsorption of sodium during saline loading were evident spontaneously in nine of the present experiments. Also, the present studies employing aortic constriction provide additional demonstrations of decreased tubular reabsorption of sodium during saline loading, by means of controlled reductions in the filtered load of sodium (1, (3) (4) (5) (6) . The changes in tubular reabsorption of sodium observed both spontaneously and during aortic constriction were accompanied by consistent changes in EPAH and renal blood flow. Decreases in tubular reabsorption of sodium were associated with decreases in EpAH and, in all but one instance, increases in noncortical plasma flow. Conversely, increases in sodium reabsorption were accompanied by increased EpAH and decreased noncortical plasma flow. Although increases in total renal blood flow were present during most observations of decreased tubular reabsorption of sodium, this was not true in all experiments. In some studies decreased tubular reabsorption of sodium accompanied by decreased EPAH and increased noncortical plasma flow was observed in the presence of reduced CPAH and total renal blood flow.
Mild unilateral reductions in renal perfusion pressure during saline loading resulted in increased EPAH and reduced renal blood flow accompanied by immediate large decreases in sodium excretion without equivalent decreases in filtered sodium. Sodium excretion and reabsorption were unaffected in contralateral control kidneys. These observations provide strong evidence that diminution in renal blood flow may result in increased net tubular reabsorption of sodium through intrarenal mechanisms. During more marked aortic constriction the maintained decreases in EPAH and continued increases in noncortical plasma flow in the presence of decreased tubular reabsorption of sodium (as compared to presaline loading values) also demonstrated an inverse relationship between tubular reabsorption and renal blood flow. However, the latter observations do not eliminate the possibility that the diminished tubular reabsorption of sodium resulted from extrarenal factors initiated by saline loading, and that the observed hemodynamic changes are incidental and not related causally to the diminished reabsorption of sodium.
The factors' determining the renal extraction ratio for PAH are not entirely understood. It has been suggested that blood leaving juxtamedullary glomeruli and passing into the vasa recta does not perfuse sufficient cortical convolutions to allow complete extraction of Diodrast, PAH, and other derivatives of hippuric acid, and that this factor accounts in part for the failure of the kidney to completely extract these substances (13) (14) (15) (16) . The anatomy of the medullary circulation is consistent with this premise (17) . However, Thurau has reported that during antidiuresis the concentration of PAH in blood collected from vasa recta by micropuncture may be 4 to 12 times as great as the concentration of PAH in arterial blood (18) . Since the concentration of PAH in vasa recta blood was not found to be low (as expected in renal venous blood), these latter findings are not inconsistent with the possibility that PAH is not removed from blood perfusing the renal medulla.
Such observations (18) could be explained by a "leak" of PAH from collecting duct or Henle's loop into vasa recta. However, it would not appear that such a leak of PAH from tubular lumen into capillary could explain the present changes in EPAH, since EPAH decreased during diuresis at a time when tubular fluid concentrations would be lower and net loss into blood should be less.
That the extraction of PAH and similarly transported organic compounds may represent in part the distribution of blood between the renal cortex and medulla remains a distinct possibility. Some support for this concept is afforded by the present observations. Thurau and Deetjen have suggested that renal medullary blood flow is not autoregulated and therefore is affected more readily than cortical blood flow by changes in perfusion pressure (19) . Such a relationship between perfusion pressure and medullary blood flow could account for the increases in EPAH observed during aortic constriction in the present studies. Re-938 RENAL HEMODYNAMICS DURING SALINE LOADING duced perfusion pressure would produce a relatively greater decrease in medullary blood flow than in cortical blood flow. If PAH is not extracted from blood perfusing the medulla (except to the extent of filtration through juxtamedullary glomeruli), then the maintenance of cortical blood flow as medullary flow decreased would result in a rise in EPAH as was observed in the present experiments.
No evidence could be obtained in the present study that the ability to transport PAH was diminished during saline loading. This is in contrast to the report of Levy and Ankeney that TmpAH decreased during hypertonic saline loading (20) . On the other hand, Mudge and Taggart (21) found no decrease in TmpA in dogs infused with isotonic saline in amounts sufficient to increase urine flow and GFR. Also, it did not appear likely in the present studies that diffusion from blood to the cellular transport sites was a limiting factor in determining EPAH during saline loading. The possibility that the changes in extraction of PAH, Diodrast, and Hippuran were in some way related to the changes in the rate of urine flow that accompanied saline loading cannot be excluded, but seems unlikely. As discussed above, any leak of PAH from tubular lumen back into blood should be greater at low urine flows than at high urine flow when the tubular fluid concentration of PAH is lower. It is possible, however, that the permeability of the tubule to these substances is greater during saline loading, and the loss from tubule to blood thereby increased. It has been suggested that EpAH less than 100%o may be due to the perfusion of renal capsule, hilar adipose tissue, and other "nonfunctioning" renal structures (17) . Although the entry of such blood into the renal vein may account in part for extraction ratios less than 100%o, it appears unlikely that such blood flow could account for the striking decreases in EPAH observed in the present studies. This noncortical plasma flow averaged 32 ml per minute per kidney before saline loading and increased to 116 ml per minute per kidney during saline loading. It is suggested, therefore, that the decreased EPAH during saline loading may reflect in part a relative increase in medullary blood flow. Since total renal blood flow increased during saline loading in every experiment, the decreased EPAH also could represent an absolute increase in medullary blood flow.
The mechanisms whereby increases in renal blood flow, and more specifically increases in noncortical plasma flow, may decrease the net tubular reabsorption of sodium are only speculative. If, as suggested above, renal plasma flow from which PAH is not extracted represents in part medullary blood flow, then the present studies provide evidence that net reabsorption of sodium may change inversely with changes in medullary blood flow. This interpretation of the present data supports the earlier suggestion that increases in medullary blood flow during saline loading may diminish sodium reabsorption. In a previous report from this laboratory (6) it was suggested that an increased medullary blood flow during saline loading may result in decreased medullary hypertonicity, a decreased passive reabsorption of water from the descending limb of Henle's loop, and consequently the delivery of a larger volume of tubular fluid with a lower sodium concentration to the ascending limb of Henle's loop. This increased rate of flow of more dilute fluid past the transport sites of the ascending limb could then result in a decreased net reabsorption of sodium at these sites. In addition, this premise requires, 1) that the rate of transport by the ascending limb is not influenced to a great extent by the transtubular gradient of sodium concentration, but transport at this site does relate in some direct fashion to the absolute concentration of sodium in the tubular fluid, and 2) that increases in medullary blood flow decrease medullary interstitial hypertonicity and passive water reabsorption from the descending limb of Henle's loop. The first of these requirements should obtain if the back leak of sodium into the ascending limb is negligible, and if some diffusion barrier separates the luminal sodium from the active transport site. The second requirement would appear to be on sound theoretical grounds (22) (23) (24) . The large increases in sodium excretion observed in the present studies (as great as 14% of the filtered load, in the absence of increased GFR) render it likely that the reabsorption of sodium may be diminished in other portions of the nephron during saline loading. If proximal reabsorption is diminished during saline loading, an increased medullary blood flow could contribute to increased sodium excretion (through the above mechanism) by limiting reabsorption by the loops of the increased delivery of sodium from the proximal convolution. 939 Alternatively, the decreases in EPAH occurring during saline loading may represent a relative increase in both medullary blood flow and juxtamedullary glomerular filtration. If the reabsorptive capacity for sodium of juxtamedullary nephrons is exceeded during such a redistribution of filtrate, changes in net reabsorption of the total filtered load of sodium could occur without an actual diminution of tubular reabsorptive capacity. This appears somewhat unlikely, since in some of the present studies saline loading resulted in no change in GFR, which would require that the increased filtration by some glomeruli was exactly balanced by a decreased filtration through other glomeruli. In addition, the possibility cannot be excluded that increases in renal blood flow (or an intrarenal redistribution of blood as suggested by the present observations) may affect tubular reabsorption of sodium through other unidentified intrarenal mechanisms.
These results do not provide evidence to suggest the mechanism whereby such a change in the intrarenal distribution of blood may occur during saline loading. Arterial pressure usually was not increased during saline loading, and this is consistent with previous reports that saline loading in the dog may not increase arterial blood pressure (25) . However, the large increases in renal blood flow that occur (in the absence of increased perfusion pressure) would require that the resistance to blood flow through the kidney be strikingly diminished during saline loading. In the present experiments the arterial hematocrit was reduced to a mean value of 27 (control mean, 40), and this could be a factor that both decreases the resistance to blood flow (26) and affects the distribution of blood within the kidney (27) . Acute reductions in the hematocrit are known to be associated with reductions in EPAH (26) (27) (28) , but such studies have not provided information on filtered and excreted sodium. Also, expansion of the plasma volume with albumin may decrease EPAH (16, 29, 30) , and Elpers and Selkurt (16) have suggested that this may represent an increase in medullary blood flow. These latter authors reported a mean decrease in excreted sodium as EPAH decreased during albumin infusion; however, these latter observations were made during saline infusion, and individual details of GFR and sodium excretion were not reported.
Summary
The effects of isotonic expansion of the extracellular volume on filtered and excreted sodium, renal blood flow, and extraction ratios of p-aminohippurate (PAH), Diodrast, and Hippuran were studied in anesthetized dogs. During saline loading renal blood flow increased and the extraction ratio of PAH (EpAH) decreased. In some experiments spontaneous changes in the net tubular reabsorption of sodium were observed during the course of saline loading. Changes in net tubular reabsorption of sodium during the natriuresis of saline loading could be demonstrated also by unilateral reduction of renal blood flow. Decreased reabsorption of sodium was always accompanied by decreased EPAH and increased renal blood flow, whereas increased reabsorption was accompanied by increased EPAH and decreased blood flow.
The fall in EPAII during saline loading did not appear to be due to diminished ability to transport the substance, and it is suggested that the changes in the extraction ratio may relate in part to changes in noncortical plasma flow, which could include medullary blood flow. A causal relationship may exist between these hemodynamic changes and the associated changes in sodium reabsorption. These observations are consistent with the suggestion that diminished net tubular reabsorption of sodium during saline loading may relate in part to an increased medullary blood flow.
